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(54) Perforated film for Modifying the electrochemical surface area of a cell 



(57) A perforated fabric for modifying the effective 
electrochemical surface area of a cell is described. The 
size and pattern of perforations in the fabric determine 
the effective electrochemical surface area of the cell. In 
practice, the modified cell comprises a layer of perforat- 
ed fabric placed between the anode and the cathode 
along with a suitable electrolyte absorbent separator 
material. Electrodes are then assembled into a cell us- 



ing typical techniques with a spirally-wound configura- 
tion being preferred. The present perforated fabric pro- 
vides for the production of cells with variable effective 
electrochemical surface areas while using a single man- 
ufacturing line. A preferred cell chemistry comprises a 
fluorinated carbon electrode present in an alkali metal 
system with the preferred perforated fabric comprising 
a Fluorpeel fabric, which is a woven fiberglass cloth im- 
pregnated with PTFE polymer. 
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Description <' ; ■ . i 

BACKGROUND OF THE INVENTION^ 1 ... ... 

1. Field of the Invention /: ' - ' ■ 1 f - 1 : .. 

[0001] The present invention generally relates to the conversion of chemical energy to electrical energy More par- 
ticularly, the present invention relates to modifying the effective electrochemical surface area of a cell using a mechan- 
ically perforated/ ion^mpermeable falDric disposed between the anode and the cathode. A preferred perforated fabric 
for a cell having a fluorinated carbon electrode is a Fluorpeel fabric, which is a -woven fiberglass cloth impregnated 
with synthetic resinous fluorine-containing polymers. This material is able to perform its attenuating function while 
maintaining structural integrity in fluorinated carbon electrode chemistries, which are known to experience swelling 
during discharge. 



2. Prior Art • • ' • ■ • s . . ,. 

[0002] It is known to use a mechanically perforated film disposed between the anode and the cathode to control the 
volume of electrolyte passing between the electrodes. U.S. Patent No. 4,743,520 to Rosansky describes a self-limiting 
cell including a non-porous, non-electrolyte permeable separator barrier having a predetermined number of openings 
to dictate the cell's specific design parameters. The prior art separator barrier is made of polyethylene or polypropylene 
materials and is described as being useful in a wide variety of cell chemistries including lithiumoxyhalide cells having 
a carbonaceous cathode current collector ' - ~ v - > 

-[0003] —The problem with using polyolefines as separators; and part icularly as'film separatoTs, is that"po"lyolef iriic films 
possess relatively low mechanibal strength and are prone to tearing arid puncture, especially during cell swelling. This 
can defeat the intended purpose of providing the cell with a self-limiting structure in the first place! A perforated separator 
that ruptures during cell discharge can; at the very least, cause an inaccuracy in the : cell's intended discharge perform- 
ance and, at the worst, cause an internal short circuit condition that may render the cell inoperative and possibly create 
an xplosive venting condition. 

[0004] Therefore, there exists a need for an electrochemical cell having a discharge modifying structure that is ca- 
pable of withstanding mechanical stresses such as those caused by electrode swelling, elevated temperatures and 
shock arid vibration forces of the kind experienced in well drilling operations, and the like without the modifying structure 
rupturing or otherwise becoming structurally compromised: 1 ; i '- 
SUMMARY OF THE INVENTION ; - ;i •■• - : > ..- 

[0005] The electrochemical surface area of a cell-is strongly associated with the cell's performance and safety Sev- 
eral geometric arrangements of anode Narid cathode electrodes have been utilized to provide an electrode surface area 
appropriate to a 'cell's performance and safety requirements. They include spirally-wound (high surface area), double 
anode or prismatic (intermediate surface area), and bobbin (low surface area); While each of these construction con- 
figurations is successful in providing the respective cells with the desired surface area, the techniques and equipment 
used in the manufacture of the cells are very different. For example, a manufacturer producing both a high discharge 
rate cell (high surface area, spirally-wound electrodes) and a low rate cell- (low surface area, bobbin style construction) 
would need to support two separate production fines. 

[0006] It is, therefore, an object of the present invention to provide a structure for modifying the effective electro- 
chemical surface area of a cell, even in chemistries that are known to experience swelling during discharge; This allows 
the production of cells with variable surface areas while using a single manufacturing line. The method of construction 
remains unchanged, and the electrochemical surface area is dictated by the use of a single component, i.e., the dis- 
charge modifying structure of the present invention: 

[0007] The discharge modifying structure of the present invention is provided by a mechanically perforated fabric 
that without the provision of the peirforatiohs is substantially impervious or impermeable to ion flow therethrough The 
fabric employed in the present inventionis an essentially two dimensional sheet. Included within the definition of fabric 
and sheets as used herein are cloth-like and n paper"-like pliable materials made usually by weaving, felting or knitting 
synthetic fibers and filaments. Typical fabrics are from about 0.25 to about 20 mils thick. Thicker or thinner materials 
may be used, if desired. Preferably the fabric is from about 0.5 mils to about 5 mils thick-and is of a thermoplastic roll 
stock. ■ 1 ■ '. ■ ' 

[0008] According to th present invention, alayer of perforated fabric is placed between the anode and cathode along 
with a suitably absorbent separator material. The electrodes are then assembled into a cell using typical techniques, 
with the spirally-wound configuration being preferred. The perforated fabric must be thin, and both mechanically and 
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* chemically stable within the cell environment. The perforation siz andpatt rnisus d to determine the eff ctive surface 
area of the cell. The perforated fabric, in practice, masks the electrodes allowing the discharge reaction to take place 
only in limited areas determined by the perforation pattern. The attenuating effect of this invention is most apparent 
under high rate discharge or short circuit conditions. Under low discharge rate conditions the use of the perforated 
5 fabric does not appreciably diminish overall cell capacity. 

[0009] Thus, it will be appreciated that the primary function of the fabric of the present invention is to provide a 
discharge modifying structure that in an imperforate state substantially precludes or prevents anode ion flow there- 
through. It is only through the provision cf perforations that the ion-impermeable fabric provides for ion migration from 
the anode to the cathode, and then, only through the open area provided by the perforations. In that regard, the fabric 
10 of the present invention is referred throughout the specification as an ion-impermeable perforated fabric or discharge 
modifying structure. Unexpectedly, it has been determined that the perforated fabric of the present invention also pro- 
vides the cell with an enhanced ability to prevent internal electrical short circuit conditions, even after prolonged expo- 
sure to high shock and vibration conditions such as are experienced down hole during a well drilling operation and the 
like. 

15 [0010] The foregoing and additional advantages and characterizing features of the present invention will become 
clearly apparent upon a reading of the following detailed description together with the included drawings. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES ; 

20 [0011] Fig. 1 is a perspective, exploded view of a separator 12 and a perforated, ion-impermeable fabric 14 disposed 
between an anode 16 and a cathode 18 according to the present jnventon. 

[001 2] Fig. 2 is a plan view of a portion of the perforated ion-impermeable fabric 1 4 according to the present invention . 
[0013] Fig. 3 is a view, partly in section and partly exploded, of a spirally-wound- electrochemical cell 10 according 
to the present invention. 

25 [0014] Figs. 4 and 5 are graphs constructed-from the discharge of Li/CSC cells built according to the prior art and 
the present invention, respectively. : ; :i ; ,.. 

[0015] Figs. 6 and 7 are graphs constructed from the discharge of Li/CF X cells built according, to the prior art and .the 
present inventions, respectively. , 

30 DETAILED DESCRIPTION OF THE INVENTION . 

[0016] Referring now to the drawings, an exemplary electrochemical cell 10 is shown according to the present in- . 
vention constructed having a separator 12 superposed with a discharge modifying structure in the form of an ion- 
impermeable perforated fabric 14 to provide separation between an anode electrode 16 and a cathode electrode 1B. 

35 For reasons that will be explained in detail hereinafter, the separator 1 2 preferably faces the cathode 18 and the fabric 
14 preferably faces the anode 16. The separator 12 and superposed ion-impermeable perforated fabric 14 are thus 
placed between the anode 1 6 and the cathode 18 of the cell 10 in a manner preventing physical .contact between, the 
electrodes. While the. anode -16 and the cathode 18 are shown !P„Fig.,3as a spirally-wound electrode assemblyjn a 
jellyroll configuration, that is by way of example only. It will be TeadiLy apparent to those skilled in the art that the 

40 separator 1 2 superposed with the ion -impermeable perforated fabric -14 is readily adaptable to various other electrode 
configurations including prismatic, button shape, and the like without departing from the spirit and scope of the present 
invention. . .. ( \ 

[001*7] The jellyroll configuration is particularly useful for delivering high current and energy while exhibiting increased 
safety, and is housed in a hollow, cylindrical casing 20. Casing 20 is closed at a lower end by a bottom wall 22, and 

45 after the interna! components have been assembled therein, is sealed at its upper end by a lid or header 24 welded 
or otherwise secured in place in a known manner. Casing 20 is formed of a conductive material and, as such, provides 
one terminal or contact for making electrical connection between the cell 10 and its load. Header 24 is ajso of a con- 
ductive material, preferably the same material as casing 20. The other electrical terminal or contact for the cell 10 is 
provided by a conductor or pin 26 extending from within the cell and through the casing 20, particularly through the 

50 header 24 Conductor 26 is electrically insulated from the conductive header 24 by a glass-to-metal seal 28. The glass 
used is a corrosion resistant type, for example, having from about 0% to about 5Q% by weight silicon such as CABAL 
1 2, TA 23, CORNING 901 3, FUSITE 425 or FUSITE 435. The conductor preferably comprises titanium although mo- 
lybdenum and aluminum, such as an aluminum 52 alloy pin v can also be used. A hermetically sealed electrolyte fill 
opening (not shown) is also provided in the lid 24. 

55 [0018] Anode activ materials acceptabl for us with the present s parator 12 and superpos d ion-impermeable 
perforated fabric 14 compris metals s lected from Groups IA, II A and II IA of the Periodic Table of the Elements, 
including lithium, sodium, potassium, calcium, magn sium or their alloys, or any alkali metal or alkali-earth metal ca- 
pable of functioning as an anode. Alloys and intermetallic compounds include, for example, Li-Si, Li-AI, Li-Mg, Li-AI- 
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lium f^ nf m V T ™™«*«* compounds. In that case; the anode active material preferab.ycomprises 

Tr ,Zni , . T . Z , Vary " bUt typfca " y; ,bS an0dS COmprises a thin sheet or foil the anode metal and 
a current col ector (not shown) contacted to the anode material. The current collector, includes an extended tab or lead 
(not shown) for connection to the negative terminal. 

[™?! IT cath ^ e alectrode 'IB of the exemplary electrochemical cell 10 has a current collector (not shown) includ- 
2 toTJZ^T^T, ^ sme r" ter ™ at 26- The conductor portion of the cathode current collector is fn 

leTe^::^ me,a,screen : ,or examp,e ' a ti,anium ' rrir .r* a,uminum or nickei screen having the 

T "e cathode electrode 1 8 comprises solid active materials such as are typically used in alkali metal/solid 

SEt'JET TTT Ce,,S - SUit8ble e ' eCtr0de 3CtiVe matSrialS indude a metal ' a ™ ta » °^e, a metal Imde fS 
ormi in^T and ° arbonaceous materials - and mixtures thereof. Examples of electrode active materials that may be 
l™f„ nt °; cathode «*"P<««* include, but are not limited to ; manganese dioxide, copper silver vanadium oxide, 
TZrZ^ZT C °T!, Va " adiUm ^ ide - {i,anium disu ^. copper, oxide, copper sulfide, iron sulfide, iron di- 
sulf.de, carbon and fluonnated carbon, and mixtures thereof! Preferably, the cathode comprises about 80 to about 99 
weight percent of the electrode active material:* ■ : ; . ... 

[0021] The separator 1 2 and superposed ion-impermeable perforated fabric 1 4 of the present invention are partic- 

ctl" sl U n r c o a k ?: h mate T IS P 7 a ' ,,U ° rine ^ inC,Udi "9 and nongraphitic torms of 

ZT^hnv ^ ' ° r actlvated cart3on - FI"orinated carbon cathode active materials are known to swell 

up to 150 /„ of their ongmal th.ckness during discharge, Such swellingc&n lead to tearing,: rupture and otherwise struc- 
tural compromise in the conventional polyolefinic film separator barriers. It is; therefore, an important aspect of the 
present .nvent.on that the ,on-impermeable perforated fabric 1 4 providing the discharge modifying structure is capable 
of withstanding the magnitude of swelling typically experienced in a fluorinated carbon cell without experiendng stmc 
—lura! compromise. " - •— — - ^' — — •- — - — v ^~ t — . - - — — " ~ ~ — 

Fluorinated ^rbon is represented by the formula (CF x ) n wherein x varies between about 0.1 to 1 9 and pref- 

w££ ThTr, T °^ nd 1 2; arid ' <C2F)n WherSin thS " VefefS l ° ,he nurnbdr of monomer units which can vary 
a^ll^ZT * m ! a< !!r m,X,UrS COmprises CF * co ^bined with a discharge promoter component such as 
acetylene black, carbon black and/or graphite. Metallic powders such as nickel, aluminum, titanium and stainless steel 
!" P °* f , ? 50 USefUl 38 conduc tive diluents when mixed with the cathode active mixture of the present 
?<ZT\ , P J "SOU! W6i9ht Percen, ° f the condu * iv ° °"^nt is added to the mixtureto improve conductivity. 
[0023] Solid cathode active components for incorporation into a cell according to the present -invention may be pre- 

listed electrode active materials, a 

r^S^S ^ P T? and/orone o- more bf the enumerated conductive diluents ontothe cathode current 
collector with the a,d of a binder material: Preferred binder materials include a fluoropolymer such as an aqueous 
emulsion o po^etrafluoroethylenep^ 

nyhdene flOonde * also a useful binder materiali Preferably the binder materia, is present * about ! to about 5 we£ht 
percerrt'of the electrode active material. Cathodes prepared as described above may be in the form of. a strip wound 
M6«r«ZVT mg S,ripo,anod ° m ^ Wal in a structure^imilar to a-'jellyrolP, as shown in Fig. 3, or in the form of 

E JS^^'^ CSl ' 10 ' urthsr i " cludes the separator 12-and the superposed ion-impermeable perforated 
fabnc 14 of the present invention disposed intermediate the Group I A anode 1 6 and the cathode 1 8 to provide physical 
separation therebetween. The separator 1 2 is of electrically insu.ative materia, and the separator materSo fe chem- : 

SSTTK? ^ Ca,h0dS 8C,iVe materia ' S and b ° ,h Chemica, 'y unreactive with and inso,ub.e in tJe 

S2 h ^ *l* Sepafat0r ma,erial haS 3 degree of porosit y sufficient to all °w flow therethrough of the 

^Hn^ r 9 K ee ^ 

w22?S2 =~ "fluoroethylene lammated or superposed with a polyolefinic or fluoropofymeric microporous film, non- 
woven glass, glass fiber materials and ceramic materials. Suitable microporous films include a polytetrafluoroethylene 
membrane commercially available under the designation ZITEX (Chemp.ast Inc.), a polypropylene mtmb^ne com! 

ZS? ^ desi 9 nation CELGARD ( Celan «^ P'^tic Company, Inc.) and a membrane commercial 

available under the designation DEXIGLAS (C.H. Dexter, Dfv., Dexter Corp ) nmerc.aiiy 

[0025] To prevent movement of the separator 1 2 with respect to the ion-impermeable perforated fabric 1 4 during cell 
TSSS^TT' 1 V abfi K 14 C ° mbina,ion is provided as ^ -Perposed structures, one placed on eZS 

sirdteach^^r a 

sealed to each other at their peripheries to envelope the enclosed electrode 

JnH n! n * im r, meable P t rf ° ra,6d tebriC 14 is ° f a material havin 9 m cha nical characteristics including tensile, 
strength and perc nt elongation that comp nsate for cathode swelling during discharge without the ne d for increased 
amounts of fabnc material. The fabric materia, in its unperforated state acts as an ion-impermeable ^^3^ 
substantially prevents flow of alkali meta. ions therethrough. By way of example, the ion-impermeable f£E materia 
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can be a woven fiberglass cloth impregnat d with synthetic r sinous fluorin -containing polymers. In particular, a pre- 
ferred form oMhe ion-impermeable perforated, fabric 14 is a fibrous glass cloth coated with about 20% to 70%, by 
weight, polytetraflubroethylene (PTFE). Optionally, the fiberglass cloth can, be further coated with up to about 5%, by 
weight, dimethyldiphenylpolysiloxane. The preferred fabric 14 is commercially available from Furon, Hoosick Falls, 

s New York under the designation Fluorpeel. 

[0027] In its as received; unperforated state, this material- is substantially, impervious or impermeable to metal ion 
flow therethrough. As particularly shown in Fig.'2,.prior to incorporation into the exemplary electrochemical cell, the 
ion-impermeable fabric is mechanically perforated with a pattern of openings 30, each opening having a desired shape 
and juxtaposition to provide a perforated pattern having an open area of about 20% to 70% of the, total surface area 

io of the fabric to thereby provide for ion flow therethrough. It should be understood that while the openings 30 are shown 
having a circular shape, that is not necessary to practice the present invention. Other shapes such as square, rectan- 
gular, elliptical and the like may. be used as desired;;.:. . i 

[0028] The electrochemical cell 1 0 of the present iny,ention further includes a nonaqueous, ionically conductive elec- 
trolyte which serves as a medium :for migration of ions between the anode . and the cathode electrodes during the 

75 electrochemical reactions of the cell. The electrochemical reaction at the, electrodes involves conversion of ions in 
atomic or molecular forms which migrate from the anode to the cathode. Thus, nonaqueous electrolytes suitable for 
the present invention are substantially inert to the anode and cathode materials, f and they, exhibit those physical prop- 
erties necessary for ionic transport, namely, low viscosity low surface tension and wettability. -. , 
[0029] A suitable electrolyte has an inorganic or organ ic r ionically conductive salt dissolved in a nonaqueous solvent, 

20 and more preferably, the electrolyte includes an ionizaJple;alkali : metal salt dissolved in. a mixture of aprotic organic 
solvents comprising a low viscosity solvent and a high permittivity,solvent; or, a,single solvent. The ionically conductive 
salt serves as the vehicle for migration of the anode ions to intercalate or react; with the cathode :active material. In a 
solid cathode/electrolyte system, the preferred ion-forming alkali metal salt is similar to the alkali metal comprising the 
anode. Examples of salts useful with the present invention include LiPF 6 , LiAsF 6 , LiSbF 6 , LiBF 4 , LiAICI 4 , Li0 2 , LiGaCI 4 , 

25 LiS0 3 F, LiB(C 6 H 5 ) 4 , UCI0 4 , LiC(S0 2 CF 3 ) 3! LiN(S0 2 CF 3 ) 2 and LiCF 3 S0 3 , and mixtures thereof . 

[0030] Low viscosity solvents include tetrahydrofuran (THF), methyl acetate (MA), diglyme, trigyime, tetragylme, 
dimethyl carbonate (DMC), 1 ,2-dimethoxyethane(DME), diethyl carbonate and mixtures thereof, and high permittivity 
solvents include cyclic carbonates, cyclic, esters and cyclic amides such as .propylene carbonate (PC), ethylene; car- 
bonate (EC), acetonitrile, dimethyl sulfoxide, dimethyl formamide. dimethyl.acetamide, y-butyrolactone (GBL) and N- ; 

30 methyl-pyrrolidinone (NMP) and mixtures thereof. In the preferred electrochemical cell.comprising the Li/CF X couple, 
the preferred electrolyte is I.OM to 1.4M Li3F 4 in rbutyrolactone (GBL). -,. 

[0031] The separator 12 and the superposed ion-impermeable perforated fabric 1/4 of the present invention are also 
useful in an alkali metal ion cell., Such rechargeable cells are typically. constructed tp a discharged state. The alkali, 
metal ion, such as lithium, comprising a lithiated cathode is then: intercalated into a carbonaceous anode by applying 
35 an externally generated electrics! potential tojecharge.the.celJ. TJne applied recharging electrical potential serves to. 
draw the alkali metal ions from the .cathode; through the combination separator yiathe electrolyte and into the carbon- 
aceous material of the anode to saturate the same; The cell is then provided- with an electrical potential and is discharged 
in a usual manner. Particularly useful Jtthiated materials ; that, are^stable. in air and readily handled include lithiated nickel 
oxide, lithiated manganese oxide, lithiated cobalt oxide and lithiated mixed oxides : of cobalt with nickel or tin. The more 
40 preferred oxides include LiNi0 2 , LiMn 2 0 4: LiCo0 2 , LjCo 0 92 Sn 0 08 O 2 and LiCo Vx Ni x Q 2 

[0032] The separator 1 2 and the superposed ion-impermeable perforated fabric 1 4 of the present invention are .further 
useful in a cell having an alkali metal anode coupled with a catholyte/depolarizer such as sulfur dioxide or bxyhalides 
including phosphorized chloride, thiony! chloride and sulfuryl chloride, used individually or in combination with each, 
other or in combination with halogens and interhalogens, such as bromine trifluoride, or other electrochemical promot- 
es ers or stabilizers. !n combination with an alkali metal anode, suitable catho'ytes include thiony I chloride, sulfuryl chloride, . 
chlorinated sulfuryl chloride (CSC), thionyl ch bride-bromine chloride (BCX), and mixtures thereof having an alkali metal 
salt dissolved therein. For example, the LL'CSC system includes a suitable- electrolyte salt prepared in-situ in sulfuryl . 
chloride with gaseous chlorine added. In such systems, the cathode is comprised of a high surface area carbonaceous 
admixture formed from a mixture of carbon black/PTFE materials. The carbonaceous admixture including the binder 
50 and conductive diluent is formed into a free-standing sheet in a manner similar to that described in U.S. Patent No. 
5,543,249 to Takeuchi et al., which is assigned to the assignee of the present invention and incorporated herein by 
reference. : ■ v 

[0033] The preferred form of. the exemplary electrochemical cell 10 is a case-negative design wherein the anode/ 
cathode couple is inserted into the conductive metal casing 20 such that the casing or the header 24, or both are 
55 connected to the anode current coll ctor and serve as the negative cell t rminal, as is well known to those skilled in 
the art. A pr f erred material for the casing 20 is stainless steel although titanium, nickel and aluminum are also suitable. 
The casing header comprises the m tallic lid 24 having a sufficient numb r of openings to accommodate the glass-to- 
metal seal 28/terminal pin 26 f edthrough for the cathode electrode 18. An additional opening is provided for electrolyte 
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filling. After the spirally-wound electrode ass mbly is inserted into the casing 20 and the casing header 24 is secured 
thereto, the cell 10 is filled with the electrolyte solution described hereinabove and hermetically sealed such as by 
close-welding a stainless steel plug over the fill hole, but not limited thereto. The cell 10 of the present invention can 
also be constructed in a case-positive design. . , - 

[0034] The preferred chemistry for the exemplary cell 10 is the U/CF X couple. During discharge, the fluorinated 
carbon cathode is known to swell up to 150% of its original, undischarged thickness. Such swelling can exert substantial 
stress forces on a conventional separator, such as a pblyolefinic separator. However, the ion-impermeable perforated 
fabric 14 of the present invention consisting of the preferred Fluorpeel material is capable of withstanding such forces 
without rupture or structural compromise which is an unexpected benefit of the present invention. In that light, the 
present cell 10 is constructed having the woven or non-woven separator 12 facing the cathode 18 and the ion-imper- 
meable perforated film 1 4 facing the anode 1 6. This configuration is believed to provide an electrolyte rich environment 
proximate the cathode 18 which benefits improved depth of discharge in the cathode: and provides the cell with en- 
hanced discharge characteristics. The cell of the present invention is particularly adapted for discharge under a light 
load for extended periods of time such as for routine monitoring of cardiac functions by an implantable cardiac defi- 
brillator, measurement while drilling operations, and the like. As is well.known to those skilled in the art, the exemplary 
electrochemical system of the present invention can also be constructed in a 'case-positive configuration. 
[0035] The following examples describe the manner and process of manufacturing an electrochemical cell according 
to the present invention, and they set forth the best mode contemplated by the inventor of carrying out the invention 
but they are not to be construed as limiting. ... ' ' 

EXAMPLE I . 7 '. '' ' ' ' ; ' .'. " - • 

-[0036] -Lithium/CSC (liquid^ cathode) celjsTin^a.C size~were constructecTin~both a standaTrd, spiTaily-wound configu-" 
ration having a non-woven glass fiber separator, provided between the electrodes,! and with a perforated Fluorpeel 
fabric added to the existing non-woven glass fiber separator. The 0.003" thick Fluorpeel fabric was perforated with 
0.125° holes in a regular pattern producing an open areaof 41%. three cells from each group were short circuited in 
an unfused condition ana" the peak currents were measured. The results are shown in table 1. 

Table 1 



Cell Type 


Peak Current (Amps) 


Standard 


33.1 


Standard : 


36.9 


Standard 


■ 1 ' 32.3 ; ; ' ' 


Pert. Jabric added, 


/•.V -7 297 . • 


Perf. fabric added 


f ;,; 18.2 ' 


Pert fabric added 


20.8 



[0037] Use of the perforated fabric of the present invention reduced the peak short circuit current in the alkali metal/ 
oxyhalide cells by an average of 41.6% in comparison to the cells built in the standard configuration. 
[0038] Figs. 4 and 5 are graphs showing plots of three representative Li/CSC cells from each group discharged at 
room temperature under a 56 ohm load. Particularly, Fig. 4 shows the discharge curves of three Li/CSC cells constructed 
in the standard configuration with the non-woven glass fiber separator only, and Fig. 5 shows the discharge curves of 
three cells of a similar chemistry constructed with the Fluorpeel fabric added to the non-woven glass fiber separator 
according to the present invention. The discharge capacity of the cells provided with the perforated, non-ion permeable 
fabric of the present invention was nearly identical to that achieved by the control group having the non-woven qlass 
fiber separator only. . 

EXAMPLE II , 

[0039] Lithium/carbon monofluoride (solid, cathode) cells in a C size were constructed in both a standard, spirally- 
wound configuration having a non-woven glass fiber separator provided between the electrodes, and with a perforated 
Fluorpeel fabric added to the existing non-woven glass fiber separator. The 0.003" thick Fluorpeel fabric was perforated 
with 0.125" holes in a regular pattern producing ah open area of 41%. The standard, prior art cell and the present 
invention Li/CF X cell with the Fluropeel fabric are available from Wilson Greatbatch Ltd., Clarence, New York under 
model nos. 3B3300 and 3B4300, respectively. Three cells from the standard group and four cells from the perforated 
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fabric group were short circuited in an unf used condition and th peak currents were measur d. The r suits are shown 
in Table 2. . * . v . . 



Table 2 



Cell Type 


Peak Curr nt (Amps) 


Standard 


8.3 


Standard 


8.7. . 


Standard 


8.6 


Pert, fabric added 


r 5.2 


Perl, fabric added 


6.7 


Pert fabric added 


6.0 • 


Pert . fabric added 


- 6.8 • 



[0040] Use of the perforated fabric of the present indention reduced the : peak short circuit current in the model no. 
344300 Li/CF X cells by an average of 24.7% in comparison to the modei no. 3B3300 ceils built in the standard config- 
uration. This is an important advantage of the present Li/CF X cells because since'they contain less than 5 grams of 
lithium, the cells meet the applicable requirements for the designated Ser ies T tests as specified in Section 38.3 of the 
U.N. Transportation of Dangerous Goods Manual of Tests and Criteria. Thus, the use of the perforated fabric of the 
present invention enables the model no. 3B4300 Li/CF X cells manufactured by Wilson Greatbatch Ltd. to be shipped 
as non-hazardous material. The prior art model no. 3B3300 Li/CF X cells are requested to be shipped as hazardous 
materials due to the results of short circuit testing. The previously discussed Rosansky cell having a liquid cathode 
and greater than 0.5 grams of lithium also must beshipped as Hazardous material. 

[0041] Figs. 6 and 7 are graphs iliustratirig the performance of Li/CF X cells constructed according to the prior art 
(standard) and the present invention discharged at 1 77° C under a 3 ohm load. The cells utilizing the perforated, non- 
ion permeable fabric according to the present invention 'reached a capacity of 3.9 Ahrs. to'a' 2 volt cutoff as shown in 
Fig. 7. Of the two prior art cells constructed without the fabric (Fig. 6), one cell reached a 3.1 Ah r. level while the other 
cell failed due to a vent. , 



EXAMPLE III ; \ .... \\.\ : 

[0042] In order to demonstrate the improvement in- structural integrity afforded by trie Fluorpeel fabric of the present 
invention in comparison to the polyolefinic film materials such as of the type described by Rosansky, tensile strength 
tests of various materials were performed.on an Instron model 11 30 tensile test machine. In particular, one inch width 
samples of 1 mil polypropylene film (Celgard 2500), 0.9 mil polyethylene film (K881) according to the prior art and 3 
mil Fluorpeel fabric according to the present invention were tensile strength tested at a crosshead speed of 1 inch/min. 
The gauge length was 4 inches. The results are showri in Table 3.; : 



Table 3 



Material type ' 


Tensile strength (lbs) 


1 mil polypropylene film (Celgard 2500) 
0.9 mil polyethylene (K881 j 
3 mil Fluorpeel fabric 


13.3 
14.5 ; 
45.8 



EXAMPLE IV 

[0043] Li/CF X cells constructed according to the present invention having a non-woven glass fiber separator super- 
posed with perforated Fluorpeel fabric : as described in Example II, were preconditioned at 37°C by discharge under 
a 1 .5 kohm load for 18 hours. After a one week open circuit storage at 37°C, a 20 mA acceptance pulse train composed 
of four pulses, each of a ten second duration immediately followed by a fifteen second rest period, was applied to each 
cell. The cells were then discharged under either a 1 kohm (Table 4), 2 kohm (Table 5), or a 5 kohm load (Table 6) to 
a 2 V cut-off. Beginning-of-life (BOL) and end-of-life (EOL) cathode thickness, and the percentage increase are listed 
in the respective tables. 
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Table 4 



s 



10 



15 



20 



30 



35 



SM 


Cathode Material 


BOL Cathode Thickness, In. 


EOL Cathode Thickness, In. 


% Increase 


85432 




■■ < . .0.088 


;0.204 . 


132 


85438 




0.090 • 


0.194 . 


116 


85445 




■ '■ 0,095 


■ . • 0.1725 


82 . 


85449 




0.096 : - ; 


0.1755 


83 


85459 




0.093 


0.176 


89 


Avg. 








1004 


... ... • ^ t . Table 5 , , : , 


SM 


Cathode Material 


BOL Cathode Thickness, In. 


EOL Cathode Thickness, In. 


% Increase 


85430 


'CF X ' 


0.090 


0.192 


113 


85437 




0.087 


0.185 


113 


85433 




. ,• ... 0.089 .. . , . 


0.185 . . 


108 


85455 




0^094 


0.165 


76 


85451 




0.094 


0.167 


78 


85444- 




_ ; . 0.097 - ,- - 


- - -0.167 - 


72— - 


Avg. 








93"3 


■ ;V ' ' Table 6 • < •• 


SM 


Cathode Material 


BOL Cathode Thickness, In. 


EOL Cathode Thickness, In 


% Increase 


85419 


--' * CF X 


*..= : 0.101 < . ■ 


. : . .\ 0.152, : . 


50 


85423 




0.102 


0.171 


68 - 


85428 




0.085 


0.172 


102 


85435 






j 0.165 ' ■ 


88 ' 


85441 




0.090 ; " 


' • • 0.160 ' 


78 


85443 




- 0 : 095 


0.150 


57.9 


85454 




' 0 096 '"' '■' 


:; "' ' 6.155 ' U ' ' 1 


61.5 


85458 




0.093 


0.152 


63.4 


Avg. 








■■ 7l7( : 



COMPARISON EXAMPLE \ : . 

45 [0044] Li/CSC cells constructed according to Example I having carbon cathodes and discharged under a similar 
regime as the Li/CF X cells built -in Example IV were destructive analyzed for cathode swelling. It was determined that 
the cathodes in the oxyhalide cells swelled on average about 0% to 5%. The Li/CSC couple is similar to the Li/S0 2 
cells of the previously referenced U.S. Patent No. 4,743,520 to Rosansky in ! the sense that both chemistries contain 
carbon cathodes and, therefore, are useful as comparisons to the Li/CF X chemistry. 

so [0045] It is appreciated that various modifications to the inventive concepts described herein may be apparent to 
those skilled in the art without departing from the spirit and the scope of the present invention as defined by the here- 
inafter appended claims. 



55 Claims 

1. An electrochemical cell, which comprises: 
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a) an anode; 

b) a cathode; 

c) a separator provided between the anode and the cathode operalively associated with each other, the sep- 
arator preventing internal electrical short circuit conditions; ' 

d) a continuous fabric of substantially anode ion impermeable material having a pattern of perforations there- 
through, each perforation of a desired shape to provide for anode ion flow therethrough in a controlled amount 
dictated by the percentage of open area provided by the perforations, wherein the continuous fabric is of a 
woven fiberglass cloth impregnated with at least one synthetic resinous fluorine-containing polymer; and 

e) an electrolyte activating the pperatively associated anode and the cathode. 

2. The electrochemical cell according to Claim 1 wherein the separator is adjacent to the cathode and the perforated 
fabric is adjacent to the anode. ■ 

3. The electrochemical cell according to Claim 1 or Claim 2 wherein the anode is of an alkali metal. 

4. The electrochemical cell according to. any one of Claims 1 to 3 wherein the cathode is of a carbonaceous material. 

5. The electrochemical cell according to any one of Ciaims 1 to 4 wherein the fiberglass cloth is impregnated with 
polytetrafluoroethylene. 

6. The electrochemical cell according to Claim 5 wherein the fiberglass cloth is further impregnated with dimethyld- 
iphenylpotysiloxane. 

7. The electrochemical cell according to any one of Claims 1 to 6 wherein'the anode and the cathode are operatively 
associated with each other in a spirally-wound configuration. 

8. The electrochemical cell according to any one of Claims 1 to 7 wherein the cathode includes a liquid selected from 
sulfur dioxide and/or an oxyhalide including phosphoryl chloride, thionyl chloride and sulluryl chloride used indi- 
vidually or in combination with each other or in combination with halogens, interhalogens or other electrochemical 
promoters or stabilizers. '\ " ; * 7 . ; ' 

9. The electrochemical cell according to any one of Claims 1 to 8 wherein the perforations provide the fabric with an 
open area of about 1 % to about 75%. . ': * " : 

10. The electrochemical cell according to any one of Claims 1 to 9 wherein the perforations are characterized as having 
been mechanically formed in the fabric after the fabric has been woyen. ■ . , 

11. A method of providing an electrochemical cell, according to any one of Claims 1 to 10 comprising the steps of: 

a) providing an anode; 

b) providing a cathode; 

c) positioning a separator between the anode and the cathode operatively associated with each other, the 
separator preventing internal electrical short circuit conditions; 

d) superposing with the separator a continuous fabric of substantially anode ion impermeable material having 
a pattern ot perforations therethrough, each perforation of a desired shape to provide for anode ion flow there- 
through in a controlled amount dictated by the percentage of open area provided by the perforations, wherein 
the continuous fabric of a woven fiberglass cloth impregnated with at least one synthetic resinous fluorine- 
containing polymer; and 

e) activating the cell with an electrolyte operatively associated anode and the cathode. 




12. The method according to Claim 11 including mechanically perforating the fabric after the fabric has been woven- 
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